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Abstract 

The Bayesian Optimal Phase 2 design for jointly monitoring efficacy and toxicity (BOP2-TE) is a 
pragmatic design for running single-arm Phase 2 studies. It allows arbitrarily many interim analyses for 
early stopping due to futility or toxicity via a look-up table whilst maintaining control of type I error 
across three null hypotheses: the drug is ineffective, unacceptably toxic, or both, through its Bayesian 
joint-modelling approach. However, no suitable extension to a randomized (particularly dose-
optimization) setting exists that maintains strict type I error control and addresses across-arm 
termination considerations (e.g., if the highest dosing arm is stopped for futility, should all lower dosing 
arms also be stopped?). 

Isotonic regression has been proposed to enforce monotonicity for estimated dose-response and dose-
toxicity relationships to tackle across-arm termination considerations. When the BOP2-TE testing 
methodology is applied to estimates that have been smoothed via isotonic regression, type I error rates 
are no longer strictly controlled - even when monotonicity holds. 

We propose a modification that requires the minimal assumptions that dose-response and dose-
toxicity relationships are non-decreasing. This approach makes the problem of type I error rate control 
tractable, reducing it to the verification of a limited set of boundary scenarios that do not depend on the 
true dose-response or dose-toxicity relationships. The resulting design preserves the operational 
simplicity and straightforward decision rules of the original BOP2-TE while providing rigorous type I 
error rate control in a randomized setting, offering a practical design when evaluating efficacy and 
safety across doses in a Phase 2 study. 

  


